Avicins comprise a class of triterpenoid compounds that exhibit tumor inhibitory activity. Here we show that avicin G is inhibitory to growth of the fission yeast Schizosaccharomyces pombe. S. pombe cells treated with a lethal concentration of avicin G (20 M) exhibited a shrunken morphology, indicating that avicin G adversely affects cell integrity. Cells treated with a sublethal concentration of avicin G (6.5 M) exhibited a strong cytokinesis-defective phenotype (multiseptated cells), as well as cell morphology defects. These phenotypes bear resemblance to those resulting from loss of Rho1 GTPase function in S. pombe. Indeed, Rho1-deficient S. pombe cells were strongly hypersensitive to avicin G, suggesting that the compound may perturb Rho1-dependent processes. Consistent with previously observed effects in human Jurkat T cells, avicin G treatment resulted in hyperaccumulation of ubiquitinated proteins in S. pombe cells. Interestingly, proteasome-defective S. pombe mutants were not markedly hypersensitive to avicin G, whereas an anaphase-promoting complex (mitotic ubiquitin ligase) mutant exhibited avicin G resistance, suggesting that the increase in levels of ubiquitinated proteins resulting from avicin G treatment may be due to increased protein ubiquitination, rather than inhibition of 26S proteasome activity. Mutants defective in the cAMP͞PKA pathway also exhibited resistance to avicin G. Our results suggest that S. pombe will be a useful model organism for elucidating molecular targets of avicin G and serve as a guide to clinical application where dysfunctional aspects of Rho and͞or ubiquitination function have been demonstrated as in cancer, fibrosis, and inflammation. A major goal in clinical cancer research is to discover compounds that selectively inhibit the growth of cancer cells without adversely affecting normal cell growth. A series of studies with a recently discovered family of triterpenoid compounds, the avicins, have identified cancer and inflammatory diseases as potential clinical targets (1-6). Originally isolated from the Australian desert tree Acacia victoriae, avicins have been shown to selectively inhibit the growth of tumor cells from a wide variety of tissue origins (1-6). Moreover, avicin treatment resulted in a dramatic reduction in the frequencies of both H-ras mutations and aneuploidy in a mouse model for skin carcinogenesis (4), as well as decreased p53 mutations in a murine UVB skin model (3). The molecular mechanisms by which avicins inhibit tumor cell growth are not well defined. However, there is evidence that they affect multiple cellular processes, including activation of apoptosis and cellular stress response pathways, as well as growth factor signaling, inflammation, and oxidative stress response (1-6).
A major goal in clinical cancer research is to discover compounds that selectively inhibit the growth of cancer cells without adversely affecting normal cell growth. A series of studies with a recently discovered family of triterpenoid compounds, the avicins, have identified cancer and inflammatory diseases as potential clinical targets (1) (2) (3) (4) (5) (6) . Originally isolated from the Australian desert tree Acacia victoriae, avicins have been shown to selectively inhibit the growth of tumor cells from a wide variety of tissue origins (1) (2) (3) (4) (5) (6) . Moreover, avicin treatment resulted in a dramatic reduction in the frequencies of both H-ras mutations and aneuploidy in a mouse model for skin carcinogenesis (4), as well as decreased p53 mutations in a murine UVB skin model (3) . The molecular mechanisms by which avicins inhibit tumor cell growth are not well defined. However, there is evidence that they affect multiple cellular processes, including activation of apoptosis and cellular stress response pathways, as well as growth factor signaling, inflammation, and oxidative stress response (1) (2) (3) (4) (5) (6) .
Elucidation of the underlying mechanisms by which avicins inhibit cell growth will greatly facilitate the rational designing and testing of improved drug analogs and could potentially result in the identification of novel targets for cancer intervention as well as new molecular markers for cancer diagnosis and prognosis. Because mammalian cells are not well suited for genetic screening approaches for pathway discovery, we sought to identify genetically tractable model eukaryotes that might serve this purpose. The fission yeast Schizosaccharomyces pombe and the budding yeast Saccharomyces cerevisiae were viewed as attractive candidates for our studies because of their amenability to genetic manipulation and because their genome sequences have been determined (7, 8) . In preliminary experiments, we found that avicin G was significantly more cytotoxic to S. pombe than S. cerevisiae. Because of this finding, we decided to study further the effects of avicin G on S. pombe growth and physiology. In this paper, we show that avicin G is inhibitory to cell growth, integrity, and cytokinesis in S. pombe, and provide genetic evidence that it may act, in part, by perturbing Rho GTPase-dependent cellular processes. We also show that, similar to effects observed in human Jurkat T cells, avicin G strongly stimulates protein ubiquitination in S. pombe cells. Standard yeast culture media and genetic methods were used (14, 15) . S. pombe cultures were grown in either YEAU (0.5% yeast extract͞3% dextrose͞75 mg/liter adenine͞75 mg/liter uracil) or synthetic minimal medium (Eagle's minimal medium, EMM) with appropriate supplements (14) . Where indicated, avicin G was added to the growth medium.
Experimental Procedures
of rho1 (rho1F2) was amplified by using the primers 5Ј-CAAAAAGTTTCGTCAATATCACAAGCTTCATCTC-TTCAGTCGAAGCACATT and 5Ј-GCTACTTCGACTAT-CAACGTG. The resulting rho1F1 and rho1F2 PCR products were used to amplify the ura4 gene, thus generating a rho1::ura4 PCR fragment in which the rho1 protein coding sequence is deleted by the ura4 gene. The rho1::ura4 fragment was used to transform SP870D to create the rho1 ϩ ͞rho1::ura4 diploid strain, SPRHO1UD. SPRHO1UD was transformed with the plasmid pREP41rho1, which was constructed by cloning a PCR-derived fragment of the rho1 protein coding sequence into the plasmid pREP41 (16) . The resulting transformants were sporulated and subjected to random spore dissection to isolate a rho1::ura4 haploid strains (nmt41-rho1) carrying the pREP41rho1 plasmid.
Avicin G Sensitivity Tests. Two types of assays were used to measure the sensitivity of S. pombe strains to avicin G. For the cell lawn sensitivity test (refer to Fig. 1A) , S. pombe cultures were grown overnight in YEAU medium to Ϸ5 ϫ 10 6 cells per ml. A total of 10 5 cells were then spread onto YEAU plates. Fivemicroliter volumes of avicin G (dissolved in water) were subsequently pipetted onto the cell lawns as indicated. For the cell spotting test (see Fig. 3C ), S. pombe cultures were grown in YEAU or EMM, as indicated, to 5 ϫ 10 6 cells per ml, washed once with growth medium, then resuspended at 5 ϫ 10 6 cells per ml in growth medium. Dilution series (1:5) of the cultures were then prepared, and 3-l volumes of the dilutions were spotted onto either YEAU or EMM plates containing avicin G as indicated.
Fluorescence Microscopy. S. pombe cells were stained with DAPI for visualization of nuclei by fluorescence microscopy as described (14) .
Detection of Ubiquitinated Proteins. S. pombe cultures were lysed with glass beads in PEM buffer (100 mM Pipes͞1 mM EGTA͞1 mM MgSO 4 , pH 6.9) containing 4 mM benzamidine, 10 M E64, 50 M leupeptin, 1 M pepstatin, 1 mM phenylmethanesulfonyl fluoride, and 2 g͞ml aprotinin essentially as described (17) . Equal amounts of protein were resolved by SDS͞PAGE and subsequent immunoblotting using anti-ubiquitin mouse monoclonal antibody (Stressgen Biotechnologies). For avicin G treatment experiments, cultures were grown overnight in YEAU to 5 ϫ 10 6 cells per ml, at which point avicin G was added to the cultures.
Results
Avicin G Inhibits S. pombe Cell Growth at Micromolar Concentrations.
As an initial step toward investigating the effects of avicin G on S. pombe cell growth, we overlaid 10 5 wild-type S. pombe cells on YEAU growth medium, then spotted 5-l volumes of a 4-fold dilution series of avicin G (0.02-5 g͞l) onto the cell lawn. The plates were then incubated for 3 days at 30°C to allow for growth of the cells. Significant growth inhibition (circular areas devoid of cell growth) was observed where 6.3-and 25-g amounts of avicin G had been spotted, whereas a small area of growth inhibition resulted from a 1.6-g application of the drug (Fig.  1 A) . These results show that avicin G has inhibitory effects on S. pombe cell growth. To determine the concentration of avicin G required for growth inhibition, liquid cultures of S. pombe cells were incubated in YEAU or YEAU containing concentrations of avicin G ranging from 5 g͞ml to 40 g͞ml. Cell growth was slightly inhibited by 5 g͞ml (2.5 M) avicin G and strongly inhibited by 10 g͞ml of the drug (Fig. 1B) . At 20 g͞ml and 40 g͞ml concentrations of avicin G, S. pombe cell growth was completely inhibited within 8 h of exposure to the drug (Fig. 1B ). These results demonstrate that avicin G is inhibitory to S. pombe cell growth at micromolar concentrations.
To determine whether avicin G causes cell death or reversible inhibition of cell growth, S. pombe cells were incubated in YEAU or YEAU containing 20 g͞ml avicin G for 1, 2, 4, or 8 h. After drug treatment, the cells were washed with drug-free medium, diluted, and then plated onto YEAU plates to determine the frequency of viable cells as measured by colony formation. As shown in Fig. 1C , an Ϸ50% reduction in cell viability resulted after only 2 h of treatment with avicin G, and only a very small (10 5 ) were spread on a YEAU plate. Five-microliter volumes of a 1:4 dilution series of avicin G (dissolved in water) were spotted onto the cell lawn (0.1-25 g of drug), which were incubated for 3 days at 30°C. Five microliters of water was spotted on the plate as a control (C). Growth inhibition (circular areas devoid of cell growth) was observed where 1.6 g, 6.3 g, and 25 g amounts of the drug were spotted. (B) Wild-type S. pombe cells were incubated in YEAU (control) or YEAU containing the indicated concentrations of avicin G and monitored for growth for 12 h. Cell densities (cells per ml) were determined microscopically by using a hemacytometer. (C) Wild-type S. pombe cells were incubated in YEAU to low density, then diluted with fresh YEAU to a density of 2.5 ϫ 10 5 cells per ml. Avicin G was added to half the culture to a final concentration of 20 g͞ml, and an equal volume of water was added to the remaining culture. At 1, 2, 4, and 8 h, 10-ml portions of each culture were pelleted by centrifugation, washed twice with YEAU, and resuspended in YEAU. Cell densities were determined by using a hemacytometer, and 2,000 cells from each sample were spread onto YEAU plates. After 3 days, colonies were counted. The graph shows the frequency of cell viability (based on colony-forming units) of untreated and avicin G-treated cultures at the indicated time points. Duplicate samples were cultured for each time point.
fraction of cells retained viability after 8 h of drug treatment. These results demonstrates that avicin G causes in cell death in S. pombe.
The second of two structurally defined avicin isoforms, avicin D (6), was also tested for effects on S. pombe cell growth. Avicin D was also found to be inhibitory to S. pombe cell growth, although its minimal inhibitory concentration was Ϸ5-fold higher than that of avicin G (data not shown). The difference in effectiveness between these two avicin isoforms toward S. pombe cells is similar to that noted previously in experiments analyzing the effects of avicins D and G on human Jurkat T cells (6) . Avicin G was used for the remainder of this study because of the high cost associated with avicin purification.
Avicin G Causes Defects in S. pombe Cell Integrity and Cytokinesis.
Microscopic analyses were performed to determine whether avicin G affects S. pombe morphology or cell division. S. pombe cells treated with a lethal concentration of avicin G (40 g͞ml) for 10 h were substantially shrunken in appearance in comparison to untreated control cells (Fig. 2 A and B) . In cultures treated with a sublethal concentration of avicin G (10 g͞ml), we observed a high frequency of multiseptated cells (Fig. 2C) , as well as a low frequency (Ͻ5%) of morphologically aberrant cells. Each compartment of multiseptated cells typically contained a single, well formed nucleus, even in cells with four or more septa (Fig. 2D) . Taken together, these observations suggest that avicin G has adverse effects on cell integrity and that it is strongly inhibitory to a late step(s) in cytokinesis required for the completion of septation and͞or cell separation.
Rho1 GTPase-Deficient S. pombe Cells Are Hypersensitive to Avicin G.
The cell integrity-, cytokinesis-, and morphology-defective phenotypes caused by avicin G treatment bear resemblance to phenotypes caused by loss of function of the S. pombe Rho family GTPase, Rho1 (18, 19) . If avicin G is inhibitory to Rho1-dependent processes in S. pombe, then we would expect cells deficient in Rho1 function to be hypersensitive to the drug. To determine whether this is the case, we constructed a S. pombe strain, nmt41-rho1, in which rho1 expression is under the control of the thiamine repressible nmt41 promoter (16) . The nmt41-rho1 strain is inhibited for growth in media containing 50 M thiamine, whereas in media containing 0.1 M thiamine, it is phenotypically similar to wild-type cells (data not shown). Wild-type and nmt41-rho1 cultures were grown in EMM medium to mid-log phase, then 10 5 cells from each culture were overlaid onto EMM or EMM containing 0.1 M thiamine (EMMT). Avicin G (25 g) was then spotted onto each cell lawn and the plates were incubated for 3 days at 30°C to allow for growth of the cells. On EMM plates lacking thiamine, wild-type and nmt41-rho1 strains exhibited similar sensitivities to avicin G (Fig.  3A Upper) . However, on EMMT plates, the area of avicin G-induced growth inhibition was significantly greater for nmt41-rho1 cells than wild-type cells (Fig. 3 A Lower and B) . These results provide evidence that Rho1-deficient S. pombe cells are hypersensitive to avicin G. This conclusion was supported by the results of a second type of drug sensitivity test in which serial dilution series of wild-type and nmt41-rho1 cultures were spotted onto EMMT or EMMT containing a concentration of avicin G (8 g͞ml) that is partially inhibitory to wild-type cell growth. Wild-type and nmt41-rho1 cells grew equally well on EMMT (Fig. 3C Left) . However, whereas wild-type cells grew on EMMT containing 8 g͞ml avicin G, nmt41-rho1 cells were completely inhibited for growth on the same medium (Fig. 3C Right) .
Effects of Avicin G on the Growth of Stress-Response-Defective S.
pombe Mutants. We recently showed that in mammalian cells avicin G induces expression of a gene battery that enhances protection against oxidative and other stresses (3). In S. pombe, the mitogen-activated protein kinase homolog, Spc1, is an essential mediator of several forms of environmental stress, including not only oxidative, but also osmotic, heat, UV, and nutrient stresses (20) . We found that spc1⌬ cells were only slightly more sensitive to avicin G than wild-type S. pombe cells (Fig. 4A) . This finding suggests that avicin G treatment does not likely induce physiological stresses of the type that are normally mediated by the Spc1 pathway. We also tested the effects of avicin G on strains carrying null mutations in genes encoding adenylate cyclase (cyr1), protein kinase A (pka1), and phospholipase B1 (plb1), each of which is required for growth of S. pombe cells in high-osmolarity media (11) . Interestingly, each of these mutants exhibited markedly reduced sensitivity to avicin G in comparison to wild-type S. pombe cells (Fig. 4B) . This finding suggests that loss of function of the Cyr1, Pka1, and Plb1 proteins may result in physiological defects that are partially protective against the cytotoxic effects of avicin G.
Avicin G Causes Up-Regulation of Protein Ubiquitination in S. pombe
Cells. We recently showed that avicin G treatment results in hyperaccumulation of ubiquitinated proteins in human Jurkat T cells (21) . Because of this finding, experiments were carried out to determine whether avicin G also affects protein ubiquitination in S. pombe cells. Wild-type S. pombe cells were treated with 20 g͞ml avicin G, and aliquots of the cell cultures were harvested between 30 min and 4 h after exposure to the drug. Cell extracts were then prepared and resolved by SDS͞PAGE and subsequent immunoblotting to detect ubiquitinated proteins. As shown in Fig. 5A , an increase in ubiquitinated proteins was apparent after 90 min of avicin G treatment, and the levels of ubiquitinated proteins increased significantly with prolonged drug treatment. This result demonstrates that, similar to its effects in Jurkat T cells, avicin G treatment induces a dramatic increase in the levels of ubiquitinated proteins in S. pombe cells.
Because S. pombe cells deficient in Rho1 function are hypersensitive to avicin G, we carried out experiments to examine whether loss of Rho1 function results in increased protein ubiquitination in S. pombe. Wild-type and nmt41-rho1 cells were incubated in 50 M thiamine for 9 h, which results in repression of rho1 expression from the nmt1 promoter in the latter strain. Cell lysates were prepared and analyzed by SDS͞PAGE and immunoblotting to detect ubiquitinated proteins. Wild-type and nmt41-rho1 cells had similar levels of ubiquitinated proteins (data not shown), indicating that loss of Rho1 function, unlike avicin G treatment, does not result in increased protein ubiquitination in S. pombe.
A S. pombe Mutant Defective in Function for the Anaphase-Promoting
Complex (APC) Exhibits Marked Resistance to Avicin G. We used S. pombe mutant strains to investigate whether the increase in levels of ubiquitinated proteins resulting from avicin G treatment might be attributable to inhibition of 26S proteasome activity, up-regulation of protein ubiquitination, or both. Two temperature-sensitive 26S proteasome mutants, mts2-1 and mts3-1 (13), were found to exhibit sensitivities to avicin G that were only slightly increased from wild-type S. pombe cells at their semipermissive growth temperature of 26°C (Fig. 6A ). In contrast to this result, we found that a S. pombe mutant carrying a temperature-sensitive mutation in the nuc2 gene (nuc2-663), which encodes an essential component of the APC mitotic ubiquitin ligase complex in S. pombe (22) , was markedly resistant to avicin G (Fig. 6) . These results suggest that the increase in levels of ubiquitinated proteins that occurs in response to avicin G treatment may be attributable to up-regulation of protein ubiquitination, rather than to inhibition of 26S proteasome activity, an experimental conclusion similar to that achieved with human leukemia cells (21) . Fig. 4 . Relative avicin G sensitivities of stress-response-defective S. pombe mutants. (A) Wild-type and spc1⌬ S. pombe strains were overlaid onto YEAU plates as described in Fig. 1 . Avicin G (25 g) was then spotted onto the respective cell lawns, and the plates were incubated at 30°C for 3 days. The relative avicin G sensitivity of each strain, based on measurements of areas of avicin G-induced growth inhibition, was then determined, with wild-type cells being normalized to a value of 1. (B) Serial dilutions (1:5) of wild-type, cyr1⌬, pka1⌬, and plb1⌬ cells were spotted onto YEAU or YEAU containing 16 g͞ml avicin G and incubated for 3 days at 30°C. cyr1⌬, pka1⌬, and plb1⌬ cells, but not wild type, grew on the avicin-G-containing plate. 
Discussion
Triterpenoids are among the most common metabolites produced by many different plant species, as well as certain bacteria and lower marine animals (23) . Triterpenoids, which contain 30 carbons consisting of five carbon isoprene units, have been shown to possess antimicrobial, antiinflammatory, and antineoplastic activities (24) . Therefore, they are viewed with great interest with respect to their potential medicinal values. The precise underlying mechanisms by which triterpenoids affect cell physiology are, at present, largely unknown. The avicins are a structurally unique class of triterpenoid compounds in that they contain an electrophilic C-21 side chain (6).
The avicins have been shown to affect multiple cellular processes. For example, perturbation of the mitochondria by avicins initiates the apoptotic response (2) . Activation of the ubiquitin pathway by avicins is responsible for removing postmitochondrial barriers to apoptosis (unpublished data). Inhibition of inflammation and activation of stress and oxidant defense are controlled by redox regulation of transcription factors (1, 3) . The latter activity appears to be secondary to a reversible transesterification of critical cysteines by avicins (25) . Inhibition of growth factor signaling and stress regulation are also controlled by avicin's ability to regulate signal transduction, possibly due to activation of a G protein-coupled receptor (5, 21) .
Future development of avicins and their potential derivatives as therapeutic agents for disease intervention will benefit from the elucidation of the underlying mechanisms responsible for their cytotoxic, as well as cytoprotective, effects. Therefore, we investigated whether the genetically tractable fission yeast might be useful as a model organism for gaining insights into the mechanisms by which avicins inhibit cell growth. Avicin G was found to be cytotoxic to S. pombe at micromolar concentrations. A structurally similar isoform of the drug, avicin D, was also inhibitory to S. pombe growth, but was Ϸ5-fold less effective than avicin G. S. pombe cells treated with a lethal concentration of avicin G (20 M) were shrunken in appearance, suggesting that the drug adversely affects cell integrity. In cultures treated with a sublethal concentration of avicin G (5 M), we observed high frequencies of multiseptated cells, as well as lower frequencies of morphologically aberrant cells. We did not detect obvious chromosome segregation defects in avicin G treated cultures, nor was there evidence of nuclear cutting by the septum (''cut'' phenotype) (26) in dividing cells. Taken together, our findings suggest that avicin G is inhibitory to cell integrity and to a late step in cytokinesis required for efficient cell separation.
The observed effects of avicin G bear resemblance to phenotypes caused by loss of Rho1 function in S. pombe (18, 19) . Indeed, we found that Rho1-deficient S. pombe cells were strongly hypersensitive to avicin G, suggesting that the drug may perturb Rho1-dependent processes. Future studies will investigate whether avicin G affects Rho1 activity, either by affecting GTP binding or isoprenylation of the Rho1 protein. Certain classes of saponins have been shown to form complexes with cholesterol (27, 28) , and in laboratory animals, this can lead to changes in cholesterol metabolism (29) . Therefore, one speculation is that avicin G might affect the ergosterol (the fungal equivalent of cholesterol) biosynthesis pathway in S. pombe, and, as a result, alter the metabolism of isoprenoid intermediates generated by the pathway, which are used in protein prenylation. An alternative mechanism could be the inhibition of prenylation of Rho by avicins. This latter possibility is strengthened by posttranslational effects of avicins on thiol-containing proteins (1, 3) , as well as the known effect of monoterpenes, which are present in the avicin side chain, on prenylation (30) .
We recently showed that, in human Jurkat T cells, avicin G treatment results in increased levels of ubiquitinated proteins (21) . This effect of the compound appears to be due, at least in part, to up-regulation of ubiquitin ligase activity. We have shown here that avicin G treatment also results in hyperaccumulation of ubiquitinated proteins in S. pombe cells and that a mutant defective in function for the APC mitotic ubiquitin ligase complex is markedly resistant to avicin G. Taken together, these findings suggest that an apparently conserved effect of avicin G is to induce up-regulation of protein ubiquitination. Rho1-deficient S. pombe cells were found to have similar levels of ubiquitinated proteins as wild-type cells, demonstrating that loss of Rho1 function, unlike avicin G treatment, does not lead to changes in protein ubiquitination. Therefore, it seems likely that avicin G has more than one molecular target in S. pombe cells.
We have previously shown that avicin enhances the nuclear localization and transcriptional activation of Nrf2, a redoxregulated transcription factor that regulates the expression of a number of genes encoding proteins required for cellular response to oxidative stress (3, 31, 32) . In the present study, we determined that S. pombe cells carrying a deletion of the spc1 gene, which encodes a mitogen-activated protein kinase required for survival of oxidative and other extracellular stresses in S. pombe (12) , exhibited a similar sensitivity to avicin G as that observed for wild-type cells. This result suggests that avicin G does not induce general physiological stresses of the type that are mediated by the Spc1 pathway. Interestingly, S. pombe adenylate cyclase (cyr1⌬), protein kinase A (pka1⌬), and phospholipase B (plb1⌬) mutants all exhibited marked resistance to avicin G. The Cyr1, Pka1, and Plb1 proteins are required for growth of S. pombe cells under hyperosmotic conditions, and the results of genetic experiments suggest that they may function in a common pathway (11) . The results presented here suggest that loss of function of this pathway results in changes in cell physiology that are cytoprotective against avicin G. It is unclear what aspects of cell physiology might be altered. However, the involvement of a phospholipase (Plb1) raises the possibility that the avicin G may affect phospholipid-dependent processes. Thus, the cytotoxic as well as cytoprotective effects of avicins in S. pombe cells with various mutations promise to further dissect the pathways responsible for the bifunctional effects of avicins: proapoptotic, as well as cytoprotective (3, 33) .
In conclusion, the findings of this study demonstrate that S. pombe will serve an important role as a genetically tractable model organism for elucidation of the underlying, potentially conserved mechanisms of avicin G-induced cytotoxicity. Our study has identified potential pathways that might be affected by avicin G, and the effects of the compound on specific proteins in these pathways (e.g., Rho1 and APC) will need to be investigated in future studies. We have also isolated avicin G resistant S. pombe mutants in preliminary studies, and the characterization of these mutants will undoubtedly provide important insights into the diversity of physiological pathways affected by avicin G as well as potential molecular targets of the drug. Finally, these results have potentially important implications for clinical application. For example, activation as well as loss of Rho function are frequently observed in various cancer cells, as well as in profibrotic conditions (34) (35) (36) (37) (38) (39) . Activation of the ubiquitin-proteasome pathway has important implications for cancer and vascular and inflammatory conditions where dysfunctional ubiquitination has been described (40) .
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